BACKGROUND: Plant composition of species-rich mountain grasslands can affect the sensorial and chemical
INTRODUCTION
The interest for high-quality and healthy animal products has constantly increased over the last years.
1 Several works highlighted that ruminants fed on high grass based diets provide milk and meat with a remarkable concentration of nutraceutical compounds. [2] [3] [4] [5] The high content of polyunsaturated fatty acids (FA), particularly alpha-linolenic acid (C18:3 n-3), and the occurrence of plant secondary metabolites from fresh forages can significantly affect the lipid metabolism in the rumen and in the mammary gland, usually resulting in lower concentrations of hypercholesterolemic saturated FA and higher concentrations of vaccenic acid, rumenic acid and omega-3 FA in the derived products. [6] [7] [8] [9] Due to variations in FA and plant secondary metabolites contents, grasslands with different botanical composition can confer specific intrinsic sensory and chemical attributes to dairy and meat products. [10] [11] [12] [13] Several research assessed the proximate composition and FA profile of forages and the factors influencing their modifications, such as genetics, phenological stage, methods of forage conservation, and nutrient supply, focusing on single-plant species or mono-and bi-specific leys. 2, [14] [15] [16] [17] [18] [19] Conversely, extensive farming systems are dominated by complex and species-rich semi-natural grasslands, which are an important fodder source in most European countries. 20 The high variability of ecological and management conditions in extensive mountain ecosystems (e.g., high degree of variation in climates, slopes, soils, aspects, grazing regimes, etc.) has determined a high number of different grassland communities, characterised by high biodiversity. On the summer pastures of the Western Italian Alps, Cavallero et al. 21 described more than 90 different grassland types, mainly belonging to mesophilic and dry grassland ecological groups. In these environments, only a few recent studies have been conducted to investigate the influence of the botanical composition of pastures on the proximate composition and FA profile of the derived forages. 
where SRAi and fi are the species relative abundance and the frequency of occurrence of the species i, respectively.
In addition, the SRA of the botanical families was calculated for each transect and the most abundant families (i.e. those with an average SRA higher than 10% in more than one vegetation survey) were retained for further analyses. Plant biodiversity of each transect was expressed according to two indices: species richness (i.e. the total number of species recorded along the transect) and Shannon diversity index.
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Each species was also classified according to the Index of Specific Quality (ISQ). 21, 30 The ISQ is based on palatability, morphology, structure, and productivity of the plant species found in the Western Italian Alps, and it
Pag. 6 / 26 ranges from 0 (low) to 5 (high). In each transect, forage pastoral value, a synthetic value which summarizes forage yield and nutritive value ranging from 0 to 100, was calculated on the basis of the SRA and the ISQ according to the equation of Daget and Poissonet 30 :
where SRAi and ISQi are the species relative abundance and the index of specific quality of the species i,
respectively.
An average value of the phenological stage, weighted on the SRA, was also calculated for each transect, according to Lambertin. 
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The second aliquot of each grass sample was freeze-dried (Edwards MF 1000, Milano, Italy) and ground. These aliquots were used for the assessment of the FA composition using a combined direct transesterification and solidphase extraction method as described by Alves et al. 38 Separation, identification, and quantification of fatty acid methyl esters were performed as described by Renna et al. 39 The total fatty acids (TFA) concentration was also calculated. The proximate composition and FA profiles were expressed as g kg -1 DM.
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Statistical analyses
A two-level classification system was used to assign each vegetation survey to a specific grassland type (homogeneous in terms of botanical composition) and ecological group. 21, 31 Botanical data were classified by hierarchical cluster analysis performed using the Clustan Graphics 5.27 software. The similarity matrix was calculated using Pearson's correlation coefficient, while the between-group linkage was selected as agglomeration method.
The relationships between the total and the major individual FA contents in grass samples were analysed with linear regressions. The assumption of normality was tested using the Kolmogorov-Smirnov test. Linear regressions and normality test were performed using SPSS 22.
Two main matrices were arranged: (1) a botanical matrix, with the SRA of the most abundant species (i.e. species occurring in more than one transect with a SRA > 5%) and (2) Landolt's ecological indicators) was used as a supplementary matrix to evaluate the gradients associated with the two main axes of the ordination plots. The effect related to exploitation (i.e. first, second or third seasonal growth) was included in the CCA as a covariate. The CCA was performed with the statistical program CANOCO 4.5.
Quantitative relationships between vegetation and chemical variables were also assessed by Pearson's correlation analysis using SPSS 22. Independent sample t-tests were performed in order to test for differences on the botanical, chemical and plant community variables between the two ecological groups obtained from the cluster analysis using SPSS 22. millefolium) revealed the presence of transitional stages, a common condition in grazed grasslands.
RESULTS AND DISCUSSION

Botanical composition of grassland communities
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Proximate composition and fatty acid profile of grass samples Due to differences in the botanical composition ( Fig. 1 ) and plant phenology (Supporting Information 1), the TFA content in the analysed samples was highly variable, ranging from 9.04 to 30.06 g kg -1 DM, with a range typically reported for herbage. 46 Seventeen FA were detected in all samples: C12:0, C14:0, C15:0, C16:0, C16:1 trans3, C16:1 cis9, C18:0, C18:1 cis9 (n-9), C18:1 cis11, C18:2 cis9cis12 (n-6), C18:3 cis6cis9cis12 (n-6), C18:3 cis9cis12cis15 (n-3), C20:0, C20:1 cis11, C22:0, C20:4 cis5cis8cis11cis14 (n-6), C24:0. Among them, five FA palmitic acid (C16:0), stearic acid (C18:0), oleic acid (C18:1 n-9), linoleic acid (C18:2 n-6), and alpha-linolenic acid (C18:3 n-3) comprised 90 to 95% of TFA and were then considered for further statistical analyses ; such percentages were consistent with those observed in other trials. 5, 14, 22 The concentrations of C16:0, C18:2 n-6 and C18:3 n-3 varied linearly with changes in the TFA content (Fig. 2) ; the same was not observed for C18:0 and C18:1 n-9. The change in C18:3 n-3 concentration per unit change in TFA content was higher if compared to those observed for C16:0 and C18:2 n-6, as previously observed in grass Pag. 9 / 26 silages from the Netherlands by Khan et al.
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Relationships among botanical, chemical and plant community variables
A significant correlation was detected between the botanical and chemical matrices by Mantel test (r = 0.28, P < 0.01), highlighting that grasslands with similar botanical composition had similar contents of chemical compounds.
The CCA ordination allowed the visualisation of the relationships among the botanical, chemical and plant community variables considered in this study (Fig. 3) . Significant correlations among plant species and chemical variables were observed, explaining 79.9% of the distribution fitting with the first axis and 10.7% with the second axis. The grassland types largely overlapped in terms of botanical and chemical composition (Fig. 3a) , confirming the presence of transitional stages underlined by the hierarchical cluster analysis. Overlapping was also observed between the two grassland ecological groups; however, differently from what observed for grassland types, mesophilic and dry grasslands separated quite well along a line connecting their geometric centres (Fig. 3a) .
According to Landolt's indicator values, the ecological conditions were significantly different between mesophilic and dry grasslands ( Fig. 3a ; Table 1 ), ranging from mesophilic, weakly acid, and moderately nutrient-rich to moderately dry, weakly neutral, and medium infertile conditions, respectively. Compared to dry grasslands, mesophilic grasslands were located at lower elevations (P < 0.001), earlier exploited during the year (P < 0.05) and characterised by higher pastoral values (+43%, P < 0.01), due to a higher proportion of productive and highly palatable species. All the other plant community variables did not differ between the two ecological groups (Table   1 ). The average phenological stage appeared slightly higher in dry grasslands due to the precocity of their characteristic species, 48 but no significant differences between the two main ecological groups were detected. In particular, mean values ranged from 30-40% of inflorescences visible (within the mesophilic grasslands) to preflowering stage (dry grasslands), which can be considered a negligible difference in terms of forage chemical composition. 22 Species richness, Shannon diversity index and the relative abundance of the most abundant botanical families did not differ between mesophilic and dry grasslands, because both ecological groups were highly biodiverse, a common situation in alpine managed grasslands. 49 The only two families with significant differences (P < 0. Agrostis capillaris L. were set on the left side of the line connecting the geometric centres of ecological groups and were mainly associated with higher C18:3 n-3 contents.
Total fatty acids and CP share a common location within the photosynthetic organs of the plants. 47, 50 Particularly, FA in forages are mainly located in leaf chloroplasts and, for this reason, the TFA concentration of forages is also usually negatively correlated with the concentrations of plant fibre contents 14, 22 , as also highlighted both in the CCA (Fig. 3b) and by Pearson's correlation analysis (TFA and NDF: r = -0.82, P < 0.001; TFA and ADF: r = -0.70, P < 0.001).
The univariate analysis provided quantitative information about the differences between the two ecological groups in terms of their chemical composition (Table 2 ). Mesophilic grassland species determined an average higher CP content (+33%, P < 0.001) and lower DM, NDF and ADF (-41%, -13% and -19%, respectively; P  0.001) than dry grasslands species, which is in accordance with previous literature. 16, [51] [52] [53] These proximate compositions confirmed also the observed significantly higher pastoral value of mesophilic than dry grasslands (Table 1) .
Mesophilic grasslands also showed significantly higher concentrations of C16:0 (+22%, P = 0.001), C18:2 n-6 (+21%, P < 0.05), C18:3 n-3 (+64%, P < 0.001) and TFA (+33%, P < 0.01) and significantly lower concentration of C18:1 n-9 (-38%, P < 0.01) if compared to dry grasslands. The concentration of C18:0 did not significantly differ between ecological groups. As expected C18:3 n-3 was by far the most abundant detected FA in both alpine ecological groups. 14 The TFA content was located nearby the geometric centre of the mesophilic ecological group; the positive relationship between TFA, C18:3 n-3 and mesophilous species confirmed the results obtained in previous trials. 50 It is noteworthy that a significant Pearson's correlation was found between the pastoral value and the plant concentration of C18:3 n-3 (r = 0.36, P < 0.05), the latter being considered as one of the most important FA strongly influencing the quality of grazing animal products. 54, 55 Since the pastoral value is based on a not-analytic factor (the Index of Specific Quality of plant species), 21 this finding may give an additional confirmation of the reliability of this vegetation index for the evaluation of the quality of grassland forages, and merits further investigation.
The proximate composition and FA profile appeared mainly single species dependent rather than botanical family
Pag. 11 / 26 dependent. In contrast, Reynaud et al. 24 and Peiretti et al. 23 found that botanical families were statistically linked to total phenolic content and FA profile, respectively. However, the latter often focused on botanical families with very low relative abundances (e.g., Cyperaceae, Ranunculaceae, Geraniaceae, Roseceae, and Valerianaceae). In our work, the same botanical families comprised different exclusive plant species between the two ecological groups, e.g. T. repens versus O. viciifolia for the Fabaceae family, in the mesophilic and dry grasslands, respectively. Therefore, the species assemblage appeared to be more related to forage proximate composition and FA profile than to botanical families.
CONCLUSIONS
The proximate composition and fatty acid profile of grasslands in the Western Italian Alps were significantly influenced by the botanical composition of the vegetation. Analysing a wide and representative variety of grassland types, our data showed that the abundance of single plant species affected the chemical composition of forages more than the abundance of botanical families. Significant differences in the chemical composition were observed between two ecological groups comprising six different grassland types: the mesophilic grasslands, characterized by a higher soil moisture content and more intensive pastoral management and the dry grasslands, characterized by a lower soil moisture content and more extensive management systems. The main lipid precursors (C18:2 n-6 and above all C18:3 n-3) for the synthesis of fatty acids considered beneficial to human health (e.g., vaccenic, rumenic and omega-3 fatty acids) were significantly higher in the grasslands belonging to the mesophilic ecological group, which was also characterised by a higher relative abundance of productive and palatable plant species compared to the grasslands belonging to the dry ecological group. Mesophilic grasslands showed higher values of crude protein, lower values of fibre and they were related to higher pastoral values than dry grasslands. These results suggest that high quality forage resources can provide higher nutritive value and higher concentration of precursors for the production of dairy and meat products rich in nutraceutical compounds. 
Supporting information 2
Lambertin's phenological scale used to record the phenological stages of vegetation during the botanical surveys (Lambertin, 1990, traduced 
